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Abstract

Background: Although prehospital point-of-care ultrasound (POCUS) is gaining in importance, its rapid interpre-
tation remains challenging in prehospital emergency situations. The technical development of remote real-time
supervision potentially offers the possibility to support emergency medicine providers during prehospital emergency
ultrasound. The aim of this study was to assess the feasibility of live data transmission and supervision of prehospital
POCUS in an urban environment and so to improve patients’ safety.

Methods: Emergency doctors with moderate ultrasound experience performed prehospital POCUS in emergency
cases (n=24) such as trauma, acute dyspnea or cardiac shock using the portable ultrasound device Lumify™. The
ultrasound examination was remotely transmitted to an emergency ultrasound expert in the clinic for real-time
supervision via a secure video and audio connection. Technical feasibility as well as quality of communication and live

stream were analysed.

Results: Prehospital POCUS with remote real-time supervision was successfully performed in 17 patients (71%). In 3
cases, the expert was not available on time and in 1 case remote data transmission was not possible due to connec-
tion problems. In 3 cases tele-supervision was restricted to video only and no verbal communication was possible via

the device itself due to power saving mode of the tablet.

Conclusion: Remote real-time supervision of prehospital POCUS in an urban environment is feasible most of the

time with excellent image and communication quality.
Trial registration: ClinicalTrials Number NCT04612816.
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Background

Point-of-care ultrasound (POCUS) plays an important
role for physicians in decision making when treating crit-
ically ill patients. Due to the technical progress of port-
able ultrasound devices, POCUS is no longer reserved
for the in-hospital setting, but is increasingly used in the
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field by prehospital emergency medicine providers across
the world [1].

However, during emergency situations POCUS can
remain challenging. Preclinical conditions (e.g. noise,
access to the body in immobilized patients, cold weather,
light and limited resources) can complicate the adequate
execution and interpretation of POCUS [2]. Further-
more, rapid translation of ultrasound findings into mean-
ingful therapeutic consequences is highly demanding and
requires appropriate training [3]. However, if POCUS is
correctly performed and the patients’ condition allows
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emergency medicine providers a careful ultrasound
examination, it is cpossible to differentiate life-threaten-
ing diagnoses [4-7].

The development of tele-ultrasound as a branch of tele-
medicine offers the opportunity of performing POCUS
under the supervision of an expert who provides support
in this challenging situation. Although several in-hospital
studies demonstrated that tele-POCUS is feasible and
beneficial for the patient, there is lack of evidence regard-
ing the feasibility of live supervision of POCUS in the
prehospital setting or on its impact on the outcome for
patients [8-13].

This study aims to investigate the technical feasibility
of tele-POCUS in a physician provided prehospital emer-
gency medicine system, to identify obstacles to live data
transmission and to improve diagnostic accuracy.

Methods

Study design

This study was designed as a feasibility trial of tele-
POCUS in a physician provided emergency medi-
cal service in Vienna, Austria. Ethical approval
(Number:1771/2020) was obtained by the Ethics Com-
mittee of the Medical University of Vienna (Martin
Brunner, MD) before patient enrolment. The study
conformed to the Declaration of Helsinki guidelines
regarding research on human subjects and followed the
tenets of Good Clinical Practice. The trial was registered
before enrolment at ClinicalTrials.gov by the principal
investigator Martina Hermann (10/2020 ClinTrials.gov
NCT04612816). Between October 19, 2020 and May 27,
2021, 24 prehospital performed POCUS examinations
during dayshifts, from 07.30 to 15.30 were live transmit-
ted (audio and video) to an expert located at the Medical
University of Vienna. Subsequent to the rescue mission,
the physician evaluated the feasibility and quality of
POCUS and reported technical problems using a ques-
tionnaire and to improve patients’ safety and diagnostic
assurance.

Emergency physicians

The participating rescue physicians (n =4) were residents
and specialists at the Department of Anaesthesia, Gen-
eral Intensive Care and Pain Management of the Medi-
cal University of Vienna with clinical experience of a least
3 years and moderate experience in in-hospital POCUS
(daily clinical routine examinations at intensive care
units, in the perioperative setting in anaesthesia and the
echocardiography simulator).

The supervisor was a specialist in anaesthesia and criti-
cal care medicine at the Medical University of Vienna
with the European Diploma in advanced critical care
echocardiography.
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Patients

Patients treated by the participating emergency physi-
cians were included, if prehospital POCUS was per-
formed due to at least one of the following criteria:
trauma, acute dyspnea or circulatory failure. Informed
consent was obtained post hoc. CONSORT diagram is
available Additional file 1.

Prehospital ultrasound and data transmission

POCUS was performed with the portable ultrasound
device Lumify™ (Philips Ultrasound, Inc., 22,100 Both-
ell-Everett Hwy Bothell, WA 98021-8431 USA). For
transthoracic echocardiography, the transducer S4-1
(4-1 mHz) and for transabdominal sonography, the
transducer C5-2 (5-2 mHz) were used. POCUS was per-
formed on-scene according to standardized protocols of
emergency ultrasound (e.g. Focus-assessed transthoracic
echocardiography, FATE; Extended Focused Assessment
with Sonography for Trauma, eFAST; Rapid Ultrasound
for Shock and Hypotension, RUSH). The examination
was chosen according to the leading clinical symptom
(e.g. dyspnea, cardiac arrest). Concomitant to the start
of POCUS, remote data transmission was initiated utiliz-
ing the interactive audio—video platform Reacts (Remote
Education, Augmented Communication, Training and
Supervision, Philips Ultrasound, Inc., 22100 Bothell-
Everett Hwy Bothell, WA 98021-8431 USA), which
offers secure data transfer and live communication with
the expert (Fig. 1). To establish connection, a mobile
4G-SIM-card was used, which links to the strongest sig-
nal for a defined region regardless of the provider.

Data collection

Data collection was performed by the emergency doctor
at end of mission as well as by the remote supervisor con-
cerning image quality and sonography findings. Demo-
graphic data of the patients (age, BMI, gender) as well as
inclusion criteria for POCUS (trauma, acute dyspnea or
circulatory failure) and additionally other symptoms and
comorbidities were recorded. Image quality of POCUS
as well as quality of communication and live stream were
rated on a numeric scale (1=excellent to 10=poor).
Ultrasound specific variables (performed scans, dura-
tion of POCUS and transmission), the availability of the
expert on time, delay of POCUS due to problems with
data transmission as well as the occurrence of technical
problems were evaluated. The questionnaire is found as
Additional file 2.

Statistical analysis
Statistical analysis was performed using Prism 9.0 soft-
ware (GraphPad, San Diego, CA, USA). Demographic
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Fig. 1 Supervisor's view: ultrasound image, prehospital emergency doctor left corner, supervisor right corner

data are presented as mean 4 standard deviation (SD) or ~ Table 1 Baseline characteristics
median (25-75th percentile). This study was designed to Age (years, SD) 69 (£17)
test the feasibility of this new method and no comparable
trials have been reported yet. We therefore decided to set ~ Male (number, %) 14 (58%)
sample size to 25 patients which is a common sample size ~ Female (number, %) 10 (42%)
for feasibility studies and allows to get a rough estimate  BMI (kg/height m’, SD) 26 (£4)
of the magnitude of the main outcome parameter [14]. Comorbidities (number, %)

Heart failure 10 (42%)

COPD/asthma/interstitial lung disease 7 (29%)
Results Coronary heart disease 5(21%)
Baseline characteristics Diabetes mellitus 5(21%)
Between October 19, 2020 and May 27, 2021, a total of X?‘t\gi‘jlr:epaerﬁtiise%f ;Eggﬁ;

0,
24 emergency patients were included in this trial. Base- Stroke Y 1(4%)
)

line characteristics are depicted in Table 1. The leading
symptom for performing prehospital POCUS was circu-
latory failure (14/24 patients, 58%) whereas trauma with
acute dyspnoea was the reason for emergency ultrasound
in one case only.

Ultrasound examination

Transthoracic echocardiography (TTE) was performed
in 23 patients (96%) according to the FATE protocol
including parasternal long axis in 15 patients (62%),
parasternal short axis in 11 patients (46%), apical four-
chamber cardiac view in 21 patients (88%) and sub-
xiphoidal scan in 18 patients (75%). Lung ultrasound
(LUS) was done in 17 patients (71%). Recessus hepa-
torenalis (Morison-Pouch) and Recessus splenorena-
lis (Koller-Pouch) were scanned in 4 patients (17%)

Leading clinical symptom for ultrasound examination (number, %

Circulatory failure 14 (58%)
Acute dyspnoea 5(21%)
Circulatory failure 4+ acute dyspnoea 4(17%)
Trauma + acute dyspnea 1 (4%)

Data are presented as mean (£ SD) and numbers (%)

according to the eFAST and RUSH protocol, while the
bladder view was only included in 3 instances (13%).
Median duration of POCUS was six minutes (IQR 4.0—
8.0), during 66.7% (four minutes) of that time remote
supervision was performed. The performed echocar-
diography scans primary depended on the suspected
diagnosis. Solely ultrasound windows deemed relevant
for diagnosis were applied (Tables 2).
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Table 2 Performed ultrasound examinations

Performed ultrasound examinations

TTE 7 (29%)
TTE+LUS 16 (67%)
eFAST 4 (17%)

TTE, transthoracic echocardiography; LUS, lung ultrasound; eFAST, extended
focused assessment with sonography for trauma

Data are presented as total number (%)

Table 3 Reported technical problems

Technical problems (number, %)

Tele-supervision not possible 7(
Expert not available 3¢
No internet connection 1
No sound (due to power saving mode) 3(13%)
Restricted tele-supervision 5(

3(

2

Log-in disconnection
Weak internet connection

Data are presented as total number (%)

Remote real-time supervision
Remote real-time supervision was successfully performed
during dayshifts in 17 of 24 cases (71%). In 3 cases the
expert was not available on time and in 1 case remote
data transmission was not possible due to connection
problems. In 3 cases the power saving mode of the tablet
resulted in real-time supervision without audio connec-
tion via the tablet, therefore the supervisor was called by
a cell phone. Due to prolonged connection establishment
of the remote real-time supervision, a delay in supervi-
sion of 20 s was reported in 3 cases. In 1 case weak inter-
net connection was described (Table 3).

On average, image quality of live stream (Fig. 2) was
rated with 1.0 (IQR 1.0-7.0) and quality of communica-
tion (Fig. 3) achieved a rating of 1.0 as well (IQR 1.0-4.5).

Discussion

In preparation to further clinical studies this study was
conceived, and its results demonstrate that remote real-
time supervision of POCUS in a physician based pre-
hospital emergency service is feasible with excellent
image and communication quality as only in one case
no internet connection was available due to a complex
building architecture. Furthermore, the reported bug
with the handling of the ultrasound device that was
encountered thrice in the study and resulted in the
absence of sound transmission concomitant to excellent
video quality was that the tablet activated an energy-
saving mode thereby cancelling sound transmission.
In these cases, verbal communication needed to be
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established via separate cellphones. After the problem
was recognized, participating emergency doctors were
informed, and the technical trouble could be prevented.

The quality of communication and live stream of the
investigated device rated as excellent offers the oppor-
tunity for further prehospital studies with focus on
patient specific outcome parameters. As a few studies
have demonstrated that tele-supervised physicians per-
formed scans of better quality in in-hospital settings
[2, 3, 5], a benefit may also be expected in prehospital
emergency medicine.

While telemedicine is described as a concept for pre-
hospital care [15], the effect of tele-supervision of pre-
hospital POCUS has been explored sparely [1]. A few
studies investigating feasibility and the effect of remote
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real-time supervision of ultrasound have been pub-
lished, which mostly focus on novice ultrasound prac-
titioners being mentored by sonography experts and
attest an adequate image quality for diagnosis [16]. The
majority of previous research focuses on either remote
or rural regions with limited medical services, e.g.
cruise ships [17], or medical staff with a very limited
training in the interpretation of ultrasound imagery
[18]. Boniface et al. demonstrated that paramedics with
no prior ultrasound experience could perform eFAST
under remote guidance of an experienced physician
[1], while Eadie et al. reported on the successful appli-
cation of eFAST and transcranial ultrasound by medi-
cal students with no prior sonography experience in 16
remote locations in Scotland with the aid of tele-super-
vision [19]. However, opinions on prehospital real-time
remotely supervised sonography performed by nov-
ices to ultrasound differ strongly, especially by profes-
sion [20]. In comparison, the organizational structure
of prehospital emergency medicine in Vienna, Austria,
has emergency physicians with previous experience
both in the performance and interpretation of sonogra-
phy conducting POCUS in the prehospital setting ren-
dering this controversy non-applicable.

Although POCUS gains in importance in emer-
gency medicine, the indications for the prehospital set-
ting remain unclear. Trauma and acute dyspnoea are
among a limited number of clearly defined indications
to balance rapidity with effectiveness [21]. In trauma
patients, pre-hospital performed eFAST offers the pos-
sibility to identify severe thoracic and abdominal inju-
ries before hospital admission [22, 23]. The detection
of hidden bleeding can change the treatment strategy
(e.g. fluid therapy, rapid transportation to a level one
trauma center) [24]. As time plays an important factor
in trauma, an earlier detection of a severe thoracic or
abdominal injury may improve patient’s outcome [2, 25].
Several studies demonstrated that in patients suffering
from acute dyspnoea lung ultrasound can be performed
quickly and several pathologies (e.g., pleural effusions,
pulmonary edema, pneumothorax) can be identified
rapidly [5, 26]. Especially in a prehospital setting, lung
ultrasound in combination with echocardiography can
help to differentiate between cardiac and pulmonary
causes of the very common symptom of acute dyspnea in
emergency medicine [5, 7, 21, 27]. Real-time tele-super-
vision may support the prehospital emergency doctor,
who is technically able to acquire adequate images, but
lacks advanced image interpretation skills. Especially in
ambiguous clinical scenarios, during time-critical situ-
ations, ultrasound supervision for emergency doctors
might therefore improve patients’ safety and the choice
of destination hospital. Even in urban regions with a high
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density of hospitals choosing the correct hospital initially
is important, as inter-hospital transfer is time consum-
ing. However, further studies are necessary to investigate
the usefulness of real-time tele-supervision of emergency
doctors with different levels of training and experience
in POCUS and prehospital emergency medicine. Based
on the feasibility of this study, further studies are already
planned to investigate possible benefits of POCUS live
transmission in the preclinical setting.

Limitations
The trial was conducted in an urban environment with
excellent internet and phone network coverage, leav-
ing the transferability of the results to rural areas
questionable.

Furthermore, the initial response times for emergency
doctors and time required to transport patients to clin-
ics are short with a high density of hospitals. The poten-
tial gain of preclinical ultrasound of earlier diagnosis
and consequent differentiation in therapy and the choice
of target hospital increases with the distances between
emergency location and base and hospital respectively.

In a considerable number of ultrasound exams, it was
not possible to acquire all images required for comple-
tion of the standardized POCUS protocol. This obser-
vation requires further investigation as performing an
incomplete POCUS evaluation might be detrimental
for patients. In addition, only one trauma patient was
included in this feasibility trial and image acquisition
was again limited due to immobilization of this patient.
Further studies are therefore necessary to investigate the
usefulness of real time remote tele-ultrasound super-
vision in this specific patient population and also the
consequences of incomplete POCUS exams in the pre-
hospital setting.

Our feasibility study demonstrated that an improve-
ment in communication and organization is required
to ensure that the clinical expert is available for super-
vision as remote tele-supervision was not possible in
3 cases due to the clinical workload of the expert. This
aspect should be considered, when initiating tele-super-
vision for prehospital emergency doctors, while perform-
ing POCUS on emergency scene. Due to the feasibility
character of this study only 4 emergency doctors and 1
expert performed POCUS during dayshifts. These factors
explain the extended study duration of 8 months.

However, based on the results of this feasibility trial, we
have already planned additional larger studies that will
investigate more clinically relevant questions in the area
of respiratory respiratory failure and cardio pulmonary
resuscitation. For additional information see https://clini
caltrials.gov/ct2/results?cond=live+stream+of+preho
spital&draw=2&rank=4#rowld3.
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Conclusion

The present study adds evidence that remote real-
time supervision of emergency physicians performing
POCUS in prehospital settings in an urban area is tech-
nically feasible with excellent quality of communication
and live stream most of the time, however the impact
on the patient’s outcome remains to be elucidated.
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